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Program Overview (Open Session)

Development of 3 Open Source Ethernet controller (MAC) IP cores:
« Core 1: 10/100/1000Mbps
« Core 2: 10G/5G/2.5G/1Gbps
« Core 3: 100G/50G/40G/25G/10Gbps
» Designed for easy migration to SoC from FPGA emulation

» Unified architecture: Simpler interface, software driver, easy to migrate to different
speed, different PHYs, suitable for small IoT to large applications

« Open source: but complete code, simulation bench, FPGA project, drivers,
documentation, and support
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Technical Approach (Open Session)

CORE 1: 10/100/1000Mbps
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Technical Approach (Open Session)

CORE 2: 10G/5G/2.5G/1Gbps

LMAC Controller
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Technical Approach (Open Session)

CORE 3: 100G/50G/40G/25G/10Gbps

LMAC Controller
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Technical Approach (Open Session)

Verification: Test bench (complex and most time consuming)

Test Bench
77777777777 LMAC Controller
~ RX | e RX
s 3 FIFO Path -
‘ § — Interface
EL 8 5
AXI 8o > v 2
B 3 aGMII
MASTEdRI ﬁ-b 73 Flow control S Emulator
(Bus Model) 52 < ¥ 5 (Bus Model)
2 o) — §
8 3 Ik
2 FIFO o X —p \
> Interface Path =
iiiiiiiiiiii = . Config/control/
< > E}* statistic regs
NOTES:

- Bus models allows packet level testing
- Transmit and receive flows
- No vendor specific or technology dependent




Technical Approach (Open Session)

Status

« APPROVED FOR RELEASE TO GITHUB
» Released Core 1 and 2
« Documentation (specs and usage), Instructions
« Tests and results used in verification of IP cores in simulation, test benches
« Github.com - search for LMAC CORE
* You should see LMAC_CORE1 and LMAC_CORE2

« LICENSING - open source hardware ecosystem
» Access model — open source (Github)
» License using Lesser GPL 2.1



Future Plans (Open Session)

* Near term plan:
« 3 months — Core 3 architecture review and initial code release
« 6 months — Final Core 3 release with docs, simulation bench
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Screenshot of Sim Script Wiz
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Copyright (C) 20158 LeWiz Comwunications, Inc.

This library is free software; you can redistribute it and/or

## modify it under the terms of the GNU Lesser General Public

A ## License as published by the Free Software Foundation; either

J## wersion 2.1 of the License, or (&t your option) any later wversion.

This library is distributed in the hope that it will ke useful,
but WITHOUT ANY WARRANTY: without ewven the implied warranty of
MERCHAWTABILITY or FITWEZS FOR L PARTICULAR PURPOSE. See the GHNU
Lesser General Public License for more details.

Fou should have receiwved & copy of the GNU Lesser General Public
License along with this library release; 1f not, write to the Free Software
Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, Mi 02110-1301 USL

LeWiz can be contacted at: supportilewiz.com
or address:

PO Box 9276

San Jose, CL 95157-9276

www. lewiz. com

Author: LeWiz Commwunications, Inc.
Lancguage: Verilog

# Script to test LMAC: test rx path, 64-hit mode
i fmac_speed: 000 = 10 Gig mode

# 101 = 5 Gig mode

# 010 = 2.5 Gig mode

# 001 = 1 Gig mode

# rx_pkt_gen sel selects the source of the data on BxD and ExC. If 1 = data is from the rx pkt_gen. If 0 = loopback data (TxD and TxC is sent to ExD and BxC).

[XGHII).

weim work.axis lmac_th

view wave
“lldo E:/LMACZ_INFO/waveforms/rx_path test

SElview -new wave
Nadd wave -r /¥

load -i E:/LMACZ_INFO/AXIS MASTER/memory_wr_data.txt -format hex /AXIS LMAC TB/axi_stream master/wemory_wr_module/memory_wr_data
load -i E:/LMACZ INFO/AXIS MASTER/mewory_wr_ctrl.txt -format hex /AXIS LMAC TB/axi_stresam master/memory wr_module/memory_wr_ctrl

em load —-i E:/LMACZ_INFO/SCRIPTS/S_PET/rx_pkt_gen datas.mwew -format hex /LXIS LMAC_TB/phy_emulator_ 10G/rx_pkt_gen 10G/rx_pkt_genZkx64_inst/drsaw_data/mem
load -i E:/LMACZ_ INFO/SCRIPTS/S_PET/rx_pkt_gen ctrl.mem -—format hex /AXIS LMAC TB/phy ewulator 10G/rx_pkt gen 10G/rx_pkt_genZkxS_inst/dream ctrl/mem

zim: /AEIS_LMAC_TB/fmwac_speed 3'd0 O
zir:/BEIS_LMAC_TB/phy_emulator 10G/rx_pkt_gen start_addr 64'd00 0

zim: /ANIS_LMAC_ TB/phy_emulator 10G/rx_pkt_gen read cat 11'd0 0

# Select the rx_pKt_gen memory data
Arun 200ns=
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Screenshot of Modelsim — exec & results
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kspace =
Instance D esigh unit Dresigh unit bype
b &xIS_LMAC_TB AX|5_LMAC_TB Module
g— awi_stieam_master awi_stream_master Madule
o memon_wi_module mermary_wr_moduls odule
o memory_rd_Bh module mernory_rd_8b_module Madule
o mermory_compare_Bb memory_compare_Sh Module
o register_interfacel register_interface Madule
B AxIS_LMAC_TOP A|S_LMAC_TOP Module
-] #xI5_BRIDGE_TOP &4|5_BRIDGE_TOP Module
o axisZfib_tactl aniz2fib_tectrl Madule
o trdata_fifo256xE4 tudata_fifo256E4 Module
o tewbcntfifods32 tawbent_fifodu32 Madule
& fib2imac_tectd fib2fmac_twetl Module
o fmacZfib_rctd fmac2fib_rsctil odule
o mdata_ fifo25ExE4 mdata_fifo25ExE4 Madule
o rerbont_fifods32 rarbent_fifodx32 Module
o anis2fib_rachl auizZfib_rectrl Madule
rif_if_bridge1 fif_if_bridae Module
o reregit_fifo4s8_done rerieqil_fifod=d odule
o tewreil_fifodud start tawreqil_fifod=8 Madule
o remegit_fifodi32_data ranegif_fifodx32 Module
o trwedil_fifoduE_address tuwregil_fifod«16 Madule
B~ LMAC CORE_TOP LkaC_CORE_TOP Module
= core tcore_fmac_core odule
& tfifo tefifo_1024x64 Maodule
o b 1G_wrap tw_1G_wrap Module
o b 10G_wiap ty_10G_wrap Madule
& rfifo frnac_fifodk=64 Module
o prictrl_fifo frnac_fifodk=B Madule
o ipcs_fifo frnac_fifob12x64_2clk Madule
o re_xgmii toore_rs_sgrnii odule
o r_decap r4_decap Madule
@ bute reordering tcore_byte reordering Module
J if_sfifa br_sfifadx32 Madule
& bisof_sfifo br_sfifod«32 Madule
= 1+ 5g r4_fg odule
o gige_s2p gige_s2p Madule
o ctl_2g_5g chil_2g_5g Module
o giger_fifo256x64_2ck gigers_fifo256x64_2clk Madule
o oiger_fifo256:8 gigers_fifo2hExS Module
o gigers_bent_fifo256x16 gigers_bent_fifo256416 odule
o o2 _chil g2u_ctd Madule
@ fac_register_if fmac_reqgister_if Module
Ee@ phy_erulator_10G phy_ermulator_10G Madule
:—J ri_pkt_gen_10G r_pkt_gen_10G Module

roject | Library | sim | Files

it Loading work.txdata_fifo256:64

# Loading work.aspnch_fifo

# Loading work. tawbent_fifodx32

# Loading work. fib2fmac_tsctil

# Loading work. frnac2fib_rectil

# Loading work.redata_fifo256:64

# Loading work.rarbont_fifod=32

# Loading work. axiz2fib_r=ctrl

# Loading waork rif_if_bridge

1t Loading work.raregif_fifadx3

# Loading work.tawregif_fifod=8

# Loading work. raregif_fifodx32

# Loading work. tawregif_fifodx16

# Loading work. LMAC_CORE_TOP
# Loading work.toore_frac_core

# Loading work. txfifo_1024x64

# Loading work.tx_1G_wiap

# Loading work. gige_tw_encap

1t Loading work. gige_tx_grmii

# Loading work.gige_cre32:64

# Loading work.tx_10G_wrap

# Loading work.ty_encap

# Loading waork_ts_wgmii

# Loading work.tx_macllg_crc32x64
# Loading work.fmac_fifodk =64

# Loading work.frmac_fifodl«g

# Loading work.frac_fifa512x64_2clk
# Loading work.toore_ne_sgril

# Loading work.frac_saddr_fiter

# Loading work.eth_crc32_gen

1t Loading work.bzh32_dn_88

# Loading work_beh8_dn_G4

it Loading work.cre32_de64

It Loading work.cre32_dfs

# Loading work.cre32_d16s

# Loading work.cre32_d2ds

# Loading work.r_decap

# Loading work.toore_byte_reardering
# Loading work.br_sfifod=32

# Loading work.r+_Bg

# Loading work_gige_s2p

it Loading work.ctl_2g_5g

# Loading work.gigers_fifo256x64_2clk
# Loading work. gigers_fifo256:8

# Loading work. gigers_bent_fifo256x16
1 Loading work.g2w_ctl

# Loading work.frnac_register_if

# Loading work. phy_emulator_10G

# Loading work.r_pkt_gen_10G

# Loading work.rs_pkt_genZkxE4

it Loading work.r_pkt_gen2ksEd_dram_2clk
# Loading work.rs_pkt_genZks8

# Loading work.r_pkt_gen2ks8 dram_2clk

§ “PASSED: Packet Mo 1 iz received as expected
§ “PASSED: Packet Mo 2 is received as expected.
§""F‘ASSED: Packet Mo 3 iz received az expected.
§ =PASSED: Packet Mo 4 is received as expected.
§""F’ASSED: Packet Mo 5 iz received az expected.
§ “PASSED: Packet Mo B is received as expected.
§’“‘F’ASSED: Packet Mo.: 7 iz received as expected.
§ “PASSED: Packet Mo 8 iz received az expected.
W5l 157> source SCRIPTS/8_PKT/Sciptd_RxPath_Test_10G.tt

tiect : LMAC2 INFO [Now: 13.204 ns Delta: 3

[sim:/a15 LMAC TB
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Screenshot of Waveform Results c.zféle

COMM UNICATIONS

File Edt Wiew Insert Format Tools  Window
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